Electrocardiograms were recorded as part of a survey of 1,303 men and 1,348 women past 15 years of age belonging to a large religious isolate inhabiting regions of northwestern U.S.A. and southwestern Canada. The ECGs were classified according to the Minnesota Code and the abnormalities were related to constitutional characteristics, blood pressure, and serum cholesterol.
the incidence of electrocardiographic findings among large numbers of people and of their relationships, if any, to other biologic data. Until recent studies, 1-6 most epidemiologic electrocardiographic criteria have been based upon data obtained from hospital and clinical populations and cannot be applied with confidence to all segments of general populations.
The purpose of this report is to analyze the electrocardiographic findings and their interrelationships with other variables of the total adult population of an inbred human agrarian religious isolate, to be referred to as the H group, and to make a comparison with other epidemiologic studies.
The members of this highly moral Christian 257 sect trace their origins to 1528 in the Tyrolean Alps. They practice communal living on the basis of the New Testament and have maintained themselves "genetically isolated" from the rest of the world. They inhabit regions of northwestern U.S.A. and southwestern Canada. A description of the population and the results of some genetic studies have been presented elsewhere.7
Methods Two thousand six hundred and fifty-one ambulatory subjects (1,303 males and 1,348 females) over 15 years of age were studied. These individuals comprise 86% of their age group of the S and L subsects of the H group. The field studies were made from 1958 to 1964. The subjects were examined on their farms in rooms provided by them.
Height and weight were measured (without shoes and with light clothes). During a routine physical examination, skinfold thickness was measured in the triceps area and under the scapula with a Lange caliper. Arm girth measurements were taken at the level of the upper two thirds of the right arm. Electrocardiograms were recorded on a direct-writing, singlechannel electrocardiograph (Sanbom, Visette, model 300) at a paper speed of 25 mm/sec. The subjects were in a supine position. Blood pressures were determined by the cuff method with a mercury sphygnomanometer at the completion of the recording of the electrocardiogram. Serum cholesterol levels of casual blood specimens were determined by the Schoenheimer and Sperry method. 8 The electrocardiograms were classified according to the Minnesota Code.9 Reproducibility of results of independent readings according to the Minnesota Code has been determined.9 Interobserver variation was measured by comparing independent rapid readings of 100 randomly selected ECGs by one of us (A.N.G.) and by another observer, also experienced in the application of this system. Intra-observer variation (A.N.G.) was determined -from independent readings made 3 months apart, of 200 other randomly selected ECGs. For the major ECG items discussed in the present report (Q and QS, high amplitude R waves, ST and T [subdivisions 1 and 2] axis deviation, A-V conduction, ventricular conduction, and premature beats), the intra-observer and interobserver agreements were 98.6 and 99.2%, respectively. The lowest frequency of agreement was 95.5 and 97% for intraobserver and interobserver readings of T waves, respectively. This high degree of agreement is probably due to the fact that the randomly selected records had relatively few codable items.
The overall agreement is comparable to that of Blackburn and associates9 and indicates that a satisfactory result is obtained with a single rapid reading, particularly for items of greatest interest (Q and QS, S-T and T). A higher disagreement was found for some minor ECG items in the miscellaneous category (IX-P wave abnormalities, QRS notching and slurring, and qualitative Twave findings), of which only the last is mentioned in the discussion.
The data were analyzed with the aid of the 1620 IBM computer. For each ECG abnormality, comparisons were made between the observed and predicted means for a number of variables known to be influenced by age. In each case, predicted means were calculated according to the formula Pi = Yjkjj where kj = the proportion of individuals in the jth age class in the abnormal group. i; = the mean for the ith variable in the jith age class of the normal or control group (Defined as the entire population minus the particular abnormal group being compared). Pi = the predicted mean for the ith variable in the abnormal group. Since for any variable, the age class means are independent, the standard error of Pi, Spi, may be obtained from the formula:
where S2 ij = the variance of x1j Student's t-test was then applied in the usual way using the observed and predicted means and the respective variances as described in the preceding paragraph. Discrepancy between the number of ECG recordings and the number of individuals for whom data and the other variables are available is due to our computer program design in which if data for one of the variables were missing, the data for that subject were ignored in the comparison of the physical measurements of the affected and normal individuals.
Results
Data Other Than ECG Body weight increased significantly and height decreased slightly with age in both (table 1) . Blood pressure levels were higher in the older age groups, particularly in the females. Arm girth and skinfold thickness increased with age, and serum cholesterol levels increased with age in both sexes and in most age categories were higher in the females than in males.
ECG Data
The classification of the ECGs according to age and sex is presented in table 2. More than one ECG abnormality was present in many individuals. Some of the combinations present and the frequencies of individuals with isolated abnormalities are listed in table 3. Because the several abnormalities occurred in many combinations, a great number of which were rare, it was decided to limit the analysis to individual ECG items regardless of the presence of any other coded items.
For comparison purposes, the prevalence rates of several ECG items as reported in the Tecumseh population study2 have been included in figures 1 through 3.
The relationships of the ECG items to body build characteristics, blood pressure, and serum cholesterol are presented in table 4. Q and QS Items: Categories 1,1 through 1,3 ( Fig. 1 and Table 2) A total of 54 subjects (32 males and 22 females) had abnormal Q waves. Sex differences were not significant. The subjects who exhibited QS items consistent with myocardial infarction had higher systolic and diastolic blood pressures than those with a normal ECG (table 4) . However, the differences in serum cholesterol between the affected and normal individuals were not significant.
Axis Deviation: Categories 11,1 and 11,2 ( Fig. 2 and Table 2) Only 27 males and 17 females had left axis deviation of more than minus 300, category II, 1 (LAD). In present with higher frequency in the older age groups. There was not a significant relationship between LAD and the other variables. Right axis deviation (category II, 2) was infrequent, occurring only in nine subjects (seven males and two females).
High Amplitude R Waves (HAR): Category III,1 ( Fig. 3 and Table 2) LIAR was more common among males than among females (P < 0.005). Its frequency in males declined from more than 40% among the youngest to 7.7% in the sixth decade and tended to rise again in the seventh decade. A similar trend occurred in the females, but the prevalence was much lower. The same trend and relative frequencies between the sexes were observed in the Tecumseh study,2 but at an overall lower rate ( fig. 3 ).
The subjects were considered in two age groups, those less than 40 years (III, la) and 40 and over (III, lb). The systolic blood pressure was elevated (P < 0.001) among young males with HAR (III,1a, table 4 ), but the difference was only 5 mm Hg and, therefore, unlikely to be of clinical significance. The young males with HAR also had a significantly lower body weight. Mean systolic blood pressure was also significantly elevated (P < 0.01) among the 16 older females with HAR (III,1b, table 4). Here the difference was 45 mm Hg and, therefore, likely to be of clinical significance.
ST-Segment Items: Categories IV,1 through IV,3 (Table 2) As in the Tecumseh study,2 ST-segment changes were more common among females than among males (P < 0.005).
ST-segment depression was associated with higher systolic and diastolic blood pressure in both sexes (table 4 ). The mean differences in systolic blood pressures of both sexes were about 30 mm Hg for categories IV,1 and IV,2 (table 4) and about 30 mm for males and only 9 mm for females in category IV,3. It seems unlikely that the small mean difference in blood pressure (9 mm) of the females in category IV, 3 can account for the depression of the S-T segment. Because of the high frequency of sinus tachycardia in the females Circulation, Volume XLI, February 1970 and the known secondary effects of tachycardia on the ST-T complex, the relationship between category IV, 3 and sinus tachycardia was considered. Approximately 40% of the females with minor ST-segment changes (IV, 3) also had sinus tachycardia, which was more prevalent among females than among males (P < 0.005) (table 2, VIII, 7) . The frequency of minor ST-segment changes increased significantly with age while the frequency of sinus tachycardia decreased steadily with age. This divergency indicates that sinus tachycardia and minor ST-segment changes are not causally related, at least in the older groups. The cause of the sinus tachycardia in younger females is not known, but possibly may be due to nervousness or embarrassment or both.
T-Wave Itens: Categories V,1 through V,3
( Table 2) The frequency of codable T-wave items increased with age. Sex differences were not significant.
T-wave inversion of at least 1 mm (categories V, 1 and V, 2) was in general associated with higher systolic and diastolic blood pressures in both sexes (table 4) . Atrioventricular Heart Block: Categories VI,l through V1,3 (Table 2) None of the subjects exhibited second or third degree A-V heart block (VI, 1 and VI, 2). First degree heart block (VI,3, P-R interval of more than 0.21 sec) occurred in 80 subjects and as in the Tecumseh study2 had a higher frequency among the older age groups. No sex differences were noted. Intraventricular Block: Categories VI1,1 through VII,3 ( Table 2) Seven females and three males had complete left bundle-branch block (VII, 1), in nine of whom it occurred after the fifth decade of life. A similar number of subjects had complete right bundle-branch block (VII, 2) (seven males and three females). Eight of these subjects were more than 40 years old. Incomplete right bundle-branch block (VII, 3) was present in 47 subjects (24 males and 23 females), and its frequency decreased slightly with age. *, t, t Significant differences between observed and predicted means are indicated as follows: * P < 0.05; t P < 0.01; t P < 0.001.
Abbreviations: Obs = observed means; Pred = predicted means; a = less than 40 yr of age; b = more than 40 yr of age. Other abbreviations as in table 2. Units of measurement same as in table 1. The prevalence of complete intraventricular block was similar in the Tecumseh2 and the present studies, and in both studies the frequency of right bundle-branch block was identical with that of left bundle-branch block.
Arrhythmias (1) . Frequent Premature Beats (Category VIII, 1). The frequency increased with age and there were no significant sex differences (table 2). In contrast, in the Tecumseh study, frequent premature beats were prevalent more frequently (1.9 vs. 0.65%), and were twice as common among men as among women.
2. Occasional Prenature Beats ( criteria.10 There were no significant sex differences. The frequency was low (<3%) in the younger age groups. 3. Other Arrhythmias. Atrial fibrillation occurred in only three subjects (one male and two females). Only four subjects (one male and three females, all younger than 39 years) had A-V nodal rhythm. Incomplete A-V dissociation (without heart block) was found in two cases, and ventricular parasystole in a 56-year-old hypertensive woman on digitalis and antihypertensive medication.
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Miscellaneous Items
Low voltage (IX, 1) was more common among females (table 2) , while qualitative Twave findings (IX, 2) were more prevalent among males, especially in the younger age groups (table 2). Prolongation of the Q-T interval was not present in the younger age groups. Wolff-Parkinson-White complexes were diagnosed in three subjects. Dextrocardia was present in one female and two male subjects. 
Discussion
Although many large scale studies of highly selected subjects have been made in the past two decades,"1 5, 6 only a few studies of total populations have been reported. The Te-cumseh2' l and this study share the same methods of analysis of the ECG, and both are representative of a total population. However, the populations under study are different. Tecumseh is a community in Southern Michigan, which "may be considered representative in its social and economic structure of a small, midwestern city and, within limits, of similar communities in the country as a whole."'2 On the other hand, the members of the H group form a genetic isolate, in that they marry only members of the H group. They live communally on large farms with about 20 families per farm. Women usually become pregnant soon after marriage and in general are pregnant or lactating until menopause. The median completed family size is over 10 children. The men are relatively short and stocky and perform heavy manual work from the time of their adolescence. The diet and work patterns in this community are fairly uniform, which is in sharp contrast to the pattern of living in the Tecumseh population.
Age
Major ECG items increased in frequency progressively with age: abnormal Q waves, left axis deviation, ST-segment and T-wave changes, bundle-branch block, prolonged P-R interval, and premature beats. These findings are in agreement with those reported for the community of Tecumseh.2' 12 The relationship between anatomic and electrocardiographic age trends has been emphasized previously by Simonson13 and by Blackburn et al.14
Sex Differences
Significant differences in the ECG have been found between the sexes for normal values2 13 as well as for codable items.2 In this study, differences between the sexes were also found for several ECG items as follows: HAR and qualitative T-wave changes were more common among males, ST-segment depression and low QRS voltage were more common among females, and no sex differences were noted for T-wave items and prolonged P-R interval (table 2) . However, in contrast to the Tecumseh study, there were no significant sex differences in the prevalence of Q waves, LAD, and premature beats (figs. 1, 3, and 4 ).
Blood Pressure
The major ECG items showed a striking association with increased blood pressure (table 4), more distinctly with the systolic than with the diastolic. This is in agreement with the findings of the Tecumseh2 and, other studies.'" Body Build Characteristics In general, there was a lack of strong relationship between ECG findings and body build characteristics (table 4) . A lower body weight was associated with HAR only in young males (see below). Significant differences were found for height in three ECG items, but the actual differences were less than 1 inch; hence their biologic significance appears doubtful.
Abnormal Left Axis Deviation
The prevalence of LAD was significantly lower in the H group than in the Tecumseh fig. 2 ). Although a progressive leftward shift of the frontal QRS axis occurs with age, "healthy" individuals, including those aged 60 to 90 years, do not attain a QRS axis of minus 300.17 LAD was associated with increased blood pressure in the Tecumseh study, and this suggests that axis deviation of such a degree is an abnormal finding and may be evidence of heart disease. 18 Furthermore, some of these cases may represent left anterior hemiblock. '9 High Amplitude R Waves HAR of the left type is a sensitive index of left ventricular hypertrophy but lacks diagnostic specificity for it.2 Hypertension is by far the most common cause of left ventricular hypertrophy. Rautaharju and Blackburn20 found a significant correlation between QRS voltages and blood pressure levels. Although the mean blood pressure levels in the H population are comparable to those of the Tecumseh population, theprevalence of HAR is higher in the males (20 and 6%, respectively). It appears unlikely that the small differences in blood pressure alone can account for the increased prevalence of HAR among young subjects, and especially for the unusually high prevalence (40.5%) among the young males. Another explanation may be found in the analysis of two factors known to influence QRS voltage, that is, body build and heavy physical work. Regarding the former, Kilty and Lepeschkin21 showed that tall and thin subjects (high ponderal index) had higher QRS voltages than those with lower ponderal indices. Although we found that males with HAR were thinner than those with normal QRS voltages, the differences in ponderal indices did not attain statistical significance (table 4) . Heavy physical work and physical fitness22' 23 were then considered to explain the high frequency of HAR in this population. The heavy work performed by the young males in this agrarian community could account for the increased frequency of HAR.
It is of interest that Maccabiah athletes studied by two of us (H.K.H. and A.N.G. ) 23 had similar ponderal indices to those of the Circulation, Volume XLI, February 1970 males in this study and also had high QRS voltages.
The lower association with other ECG items (76% of the subjects with HAR had it as the only abnormality, whereas 30 and 45%, respectively, of those with Q waves and LAD had them as the only abnormality) is further evidence that HAR among young males in this population is a normal finding and does not indicate heart disease.
Clinical electrocardiographers will readily appreciate that criteria for the diagnosis of left ventricular hypertrophy should take into account constitutional variables such as age, sex, body build, and perhaps physical fitness, to improve their specificity.24' 25
ST-Segment Depression
The frequency of ST-segment items in the present study was significantly different from that given in the Tecumseh report (9.3 and 4.0% respectively) .2 Although a similar proportion of subjects had categories IV, 1 and IV, 2 in both studies, in the present one more subjects were classified as IV, 3. Although the reason for this difference in the frequency of the IV, 3 item is not known, it is important to point out that among the H group, even the less marked changes (IV, 3) were associated with higher blood pressure (table 4) .
Premature Beats rhe Minnesota Code considers premature beats to be a codable item when they comprise at least 10% of recorded beats.9 In the present study, the association of occasional premature beats (less than 10% of the total) with age, blood pressure, and other codable ECG items suggests that they too may be associated with heart disease and should be coded. Lyle26 concluded from a study of 11,000 employees, that premature beats are associated with a definite but small increased mortality risk. Very recently, in a follow-up study of the Tecumseh population, an increased prevalence of coronary heart disease and higher incidence of sudden death were found in persons with antecedent ventricular premature systoles.27
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Comparison with the Tecumseh Study
To summarize the comparison with the Tecumseh study, there were similarities (that is, association of the major ECG items with blood pressure and similar sex differences) and points of contrast (that is, the relationship with serum cholesterol and different prevalence rate and sex distribution for several ECG items). These differences suggest that multiple factors (genetic, environmental, social, and occupational) are involved. The influence of blood glucose was not studied in the H group. Obviously, more research is needed to clarify the implications of these differences. 
